Free-radical chain oxidation of rat red blood cells by molecular oxygen and its inhibition by alpha-tocopherol.
The oxidation of rat red blood cells (RBC) by molecular oxygen was performed in an aqueous suspension with an azo compound as a free-radical initiator. The RBC were oxidized at a constant rate by a free-radical chain mechanism, resulting in hemolysis. The extent of hemolysis was proportional to the concentration of free radical. alpha-Tocopherol in RBC membranes suppressed the oxidation and hemolysis to produce an induction period. Tocopherol was constantly consumed during the induction period, and hemolysis developed when tocopherol concentrations fell below a critically low level. Among the membrane lipids, phosphatidylethanolamine, phosphatidylserine, and arachidonic acids were predominantly oxidized in the absence of tocopherol. In the presence of tocopherol, however, such lipid changes were suppressed during a 120-min incubation even when hemolysis started. Membrane proteins as well as lipids were oxidized. The formation of proteins with high molecular weight and concomitant decrease of the low-molecular-weight proteins were observed on gel electrophoresis with the onset of hemolysis. This study clearly showed the damage of RBC membranes caused by oxygen radical attack from outside of the membranes, and suggested that membrane tocopherol even below a critically low level could suppress lipid oxidation but that it could not prevent protein oxidation and hemolysis.